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WHAT IS CLAIMED IS : 

1 . A mutant a subunit comprising an amino acid substitution at position 22 
of the amino acid sequence of\the a subunit as depicted in Figure 1 (SEQ ID NO:l). 

2. The mutant a sUbunit of claim 1 wherein the amino acid substitution at 
position 22 is arginine. 

3. The mutant a subunit of claim 1 which is purified. 

4. The mutant a subunit of claim 1 further comprising one or more amino 
acid substitutions in amino acid Residues selected from among positions 11-21 of the 
amino acid sequence of the a subunit as depicted in Figure 1 (SEQ ID NO:l). 

5. The mutant a subui\it of claim 4 wherein the one or more substitutions 
are amino acids selected from the gi^pup consisting of arginine and lysine. 

6. The mutant a subun&^oftlaim 4 wherein the one or more amino acid 
substitutions are in amino acid residues selected from among positions 11, 13, 14, 16, 
17, and 20 of the amino acid ^e^uencfejx£Jhe-a"subunit as depicted in Figure 1 (SEQ ID 



NO:l). 

7. The mutant a 
acid substitutions in the P hairbin LI lol 

8. The mutant a sjubunit o 



im 1 further comprising one or more amino 
the a subunit. 
7 wherein the one or more substitutions 
are amino acids selected from the group fconsisting of arginine and lysine. 

9. The human a subunit of ilaim 4 wherein the one or more substitutions 
are selected from the group consisting of\aTl IK, aQ13K, aE14K, aP16K, aF17R, and 
aQ20K. 

10. A mutant a subunit in which the only mutation is an amino acid 
substitution at position 22 of the amino a<yd sequence of the a subunit as depicted in 
Figure 1 (SEQ ID NO: 1). 

11. The mutant a subunit of clain^ 10 wherein the substitution at position 22 
is arginine. 

12. The mutant a subunit of claim 10 which is purified. 

13. A mutant TSH heterodimer comprising a mutant a subunit comprising an 
amino acid substitution at position 22 of the amino acid sequence of the a subunit as 
depicted in Figure 1 (SEQ ID NO:l) and a p subunit, wherein the bioactivity of the 
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mutant TSH \heterodimer is greater than the bioactivity of the wild type TSH 
heterodimer. 

14. The mutant TSH heterodimer of claim 13 wherein the amino acid 
substitution at position 22 is arginine. 
5 15. The mutant TSH heterodimer of claim 13 which is purified. 

16. The m\itant TSH heterodimer of claim 13 in which the (3 subunit is a 
human p subunit. 

17. The mufant TSH heterodimer of claim 17 wherein the one or more 
substitutions are amino a\ids selected from the group consisting of arginine and lysine. 

10 18. The mutantVTSH heterodimer of claim 1 3 further comprising one or more 

amino acid substitutions in amino acid residues selected from among positions 11-21 of 
! 2 the amino acid sequence of the a s*ri5uiiit as depicted in Figure 1 (SEQ ID NO: 1). 

!J1 19. The mutant TSHT heterodimer of claim 13 wherein the one or more amino 

;D acid substitutions are in amino Wd rc§ideesrselected from among positions 11, 13, 14, 

15 16, 17, and 20 of the aming^ei^sequencelof the a subunit. 

20. The mutantfTSH heterodimer of claim 13 further comprising one or more 
amino acid substitutions ii l the P harrpin L 11 loop of the a subunit. 

21. The mutant TSH heterodinaer of claim 20 wherein the one or more 
substitutions are amino acids selected ^*om the group consisting of arginine and lysine. 

20 22. The mutant TSH heteridimer of claim 17 wherein the one or more 

substitutions are selected from the groups consisting of aTl IK, aQ13K, aE14K, aP16K, 
aF17R, and <xQ20K. 

23. A mutant TSH heterodimeAin which the only mutation is an amino acid 
substitution at position 22 of the amino ac\d sequence of the a subunit as depicted in 

25 Figure 1 (SEQ ID NO: 1). 

24. The mutant TSH heterodimer \of claim 23 wherein the substitution at 
position 22 is arginine. 

25. The mutant heterodimer of claim 13 which is purified. 

26. A mutant TSH heterodimer comprising (a) a TSH (3 subunit joined via a 
30 peptide bond at its carboxyl terminus to the aminfo terminus of the carboxyl terminal 

extension peptide of human chorionic gonadotropin^ and (b) an a subunit, wherein at 
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least the TSH P subunit \pAthe TSH a subunit contains at least one amino acid 
substitution, and wherein Merooactivity of the mutant TSH heterodimer is greater than 
the bioactivity of wild type TSH heterodimer. 

27. The mutant TSH heterodimer of claim 26 wherein the at least one amino 
acid substitution is in amino acid residues selected from among positions 11-21 of the 
amino acid sequence ©f human a subunit as depicted in Figure 1 (SEQ ID NO:l). 

28. The mutant human TSH heterodimer of claim 26 wherein the at least one 
amino acid substitution's in amino acid residues selected from among positions 58-69 
of the amino acid sequence of TSH p subunit as depicted in Figure 2 (SEQ ID NO: 2). 

29. The mutant human TSH heterodimer of claim 28 wherein the at least one 
amino acid substitution is selected from the group consisting of pI58R, PE63R and 
PL69R. 

30. The mutant TSft heterodimer of claim 26 comprising a mutant human a 
subunit and a mutant human TSH p mutant subunit, wherein the mutant human a 
subunit comprises at least one amino acid substitution in amino acid residues selected 
from among positions 1 1-22 of the amino acid sequence of human a subunit as depicted 
in Figure 1 (SEQ ID NO: 1), and wherein the mutant human TSH p subunit comprises 
at least one amino acid substitution^ in amino acid residues selected from among 
positions 58-69 of the amino acid sequence of human TSH P subunit as depicted in 
Figure 2 (SEQ ID NO: 2). 

31. The mutant TSH heterodime\ of claim 26 which is a mutant of a human 
TSH heterodimer. 

32. A TSH analob comprising an a subunit which is covalently bound to a 
TSH P subunit, wherein at least one of the subunits comprises at least one amino acid 
substitution in its amino acid\sequence, and wherein the bioactivity of said TSH analog 
is greater than the bioactiviwl of a TSH analog comprising a wild-type a subunit 
covalently bound to a wild-twj^ff^H p subunit. 

33. The TSH analog! of claim 32 wherein the at least one amino acid 
substitution is in amino acid residues selected from among positions 1 1-22 of the amino 
acid sequence of a subunit as depicted in Figure 1 (SEQ ID NO: 1). 
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34. The TSH analog of claim 32 wherein the at least one amino acid 
substitution is in amino acid residues selected from among positions 58-69 of the amino 
acid sequence of human TSH p subunit as depicted in Figure 2 (SEQ ID NO: 2). 

35. The TSHWialog of claim 32 in which both the asubunit and the p TSH 
subunit comprise one or more amino acid substitutions. 

36. The TSH analog of claim 35 in which the a subunit has at least one 
amino acid substitution in aftfiAo acid residues selected from among positions 11-22 of 



the amino acid sequence 
and the TSH p subunit h 



5 y 



a subunit as depicted in Figure 1 (SEQ ID NO: 1), 
t one amino acid substitution selected from among 
10 positions 58-69 of the amino ao^d sequence of human TSH p subunit as depicted in 
Figure 2 (SEQ ID NO: 2). 

37. The TSH analog of 6laim 32 in which the TSH p subunit is joined via a 
peptide bond at the carboxyl terminus to the amino terminus of the carboxyl terminal 
extension peptide of human chorionic gonadotropin, and in which the carboxyl terminus 

15 of the carboxyl terminal extension pe^ide is joined via a peptide bond to the amino 

terminus of a subunit. 

38. The TSH analog of claim 52 in which the TSH P subunit is joined via a 
peptide bond at the carboxyl terminus to the amino terminus of the a subunit. 

39. The mutant TSH heterodimer of claim 26 wherein the hormonal half life 
in circulation in vivo of the mutant \TSH heterodimer is greater than the wild type TSH. 

40. The mutant TSH analog of claim 32 wherein the hormonal half life in 
circulation in vivo of the mutapit TSH analog is greater than the wild type TSH. 

41. A nucleic acid jpomprising a nucleotide sequence encoding the mutant a 
subunit of claim 1. 

25 42. A nucleic aci&J|pt$nprising a nucleotide sequence encoding the TSH 




analog of claim 32, in which 
43. A method 



the\x ^ubunit is joined to the p-subunit via a peptide bond. 
|>f taking or preventing hypothyroidism comprising 
administering to a subject in whicli such treatment or prevention is desired an amount of 
the TSH heterodimer of claim 26 sufficient to treat or prevent hypothyroidism. 
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44. A method of treating or preventing hypothyroidism comprising 
administering to a subject in which such treatment or prevention is desired an amount of 
the TSH analog of claim 32 sufficient to treat or prevent hypothyroidism. 

45. A method of treating thyroid cancer comprising administering to a 
subject in which such treatment or prevention is desired an amount of the mutant TSH 
heterodimer of claim 26 sufficient to stimulate iodine uptake and subsequently 
administering to said subject an amount of radiolabeled iodine sufficient to treat 
thyroid cancer. I 

46. A method lof treating thyroid cancer comprising administering to a 
subject in which such treatment or prevention is desired an amount of the TSH analog 
of claim 30 sufficient to stimulate iodine uptake and subsequently administering to said 
subject an amount of radiolabeled iodine sufficient to treat thyroid cancer. 

47. A method ondiagrK>sing thyroid cancer comprising administering to a 
subject an amount of the mupnt TOH heterodimer of claim 26 sufficient to stimulate 
uptake of iodine by thyroid cancer cei&and an amount of radiolabeled iodine sufficient 
to diagnose thyroid cancernJmJ detecting said radiolabeled iodine, wherein an increase 
relative to a subject not having thyroid disease in uptake of radiolabeled iodine 
indicates that the subject ha* thyroid aancer. 

48. A method of diagnosing thyroid cancer comprising administering to a 
subject lacking non-cancerous thyroid cells an amount of the mutant TSH heterodimer 
of claim 24 sufficient to stimulate uptake of iodine by thyroid cancer cells and an 
amount of radiolabeled iodine sufficient to diagnose thyroid cancer; and detecting said 
radiolabeled iodine, wherein an increase in uptake of radiolabeled iodine indicates that 
the subject has thyroid cancer. \ 

49. A method of diagnosing thyroid cancer comprising administering to a 
first subject an amount of the mutani TSH heterodimer of claim 26 sufficient to 
stimulate release of thyroglobulin in vivo and measuring the levels of thyroglobulin in 
said first subject, in which an increase in thyroglobulin levels relative to the 
thyroglobulin levels in a sample of a second subject not having thyroid cancer indicates 
that said first subject has thyroid cancer. \ 
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50. A method of diagnosing thyroid cancer comprising administering to a 
subject an amount of the TSH analog of claim 32 sufficient to stimulate uptake of iodine 
by thyroid cancer cells and an amount of radiolabeled iodine sufficient to diagnose 
thyroid cancer; and detecting said radiolabeled iodine, wherein an increase relative to a 
subject not having thyroid disease in uptake of radiolabeled iodine indicates that the 
subject has thyroid cancer. 

51. A method oil diagnosing thyroid cancer comprising administering to a 
subject lacking non-canceroms thyroid cells an amount of the mutant TSH heterodimer 
of claim 32 sufficient to stimulate uptake of iodine by thyroid cancer cells and an 
amount of radiolabeled iodin© sufficient to diagnose thyroid cancer; and detecting said 
radiolabeled iodine, wherein Jp increase uptake of radiolabeled iodine indicates that 
the subject has thyroid cancer. 

52. A method of diagnosing thyroid cancer comprising administering to a 
first subject an amount of the TStLasialog of claim 32 sufficient to stimulate release of 
thyroglobulin in vivo and meas^qng tBje levels of thyroglobulin in said first subject, in 
which an increase in thyroglob^iliriil^ to the thyroglobulin levels in a sample 
of a second subject not having thyroid cdbcer indicates that said first subject has thyroid 



cancer. 



53. 



A method c 



30 



f diagnosing or screening for a disease or disorder 
characterized by the presence of ajntibodies against the TSH receptor comprising 
contacting cultured cells or isolated mbmbrane containing TSH receptors with a sample 
putatively containing antibodies from a first subject and with a diagnostically effective 
amount of the radiolabeled mutant TSH heterodimer of claim 26; and measuring the 
binding of the radiolabeled mutant TSH to the cultured cells or isolated membrane, 
wherein a decrease in the binding of the radiolabeled TSH relative to the binding in the 
absence of said sample or in the presenceW a sample of a second subject not having 
said disease or disorder, indicates the presence of said disease or disorder in said first 
subject 

54. The method of claim 53 in which said disease or disorder is Graves' 
disease. 
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55. A Vnethod of diagnosing or screening for a disease or disorder 
characterized by the presence of antibodies against the TSH receptor comprising 
contacting cultured cells or isolated membrane containing TSH receptors with a sample 
putatively containing antibodies from a first subject and with a diagnostically effective 
5 amount of the radiolabeled TSH analog of claim 32; and measuring the binding of the 
radiolabeled mutant 1TSH to the cultured cells or isolated membrane, wherein a 
decrease in the bindina of the radiolabeled TSH relative to the binding in the absence 
of said sample or in the presence of a sample of a second subject not having said disease 
or disorder, indicates the presence of said disease or disorder in said first subject. 
10 56. The method of claim 55 in which said disease or disorder is Graves 1 

disease. \ 

57. A pharmaceutical composition comprising a therapeutically effective 
amount of the mutant TSHeeterodimer of claim 13; and a pharmaceutically acceptable 

carrier. \ / \\~~~--~~^^ 

15 58. A pnmnaceum<kl composition comprising a therapeutically effective 

amount of the mutant TSH heterodimer of claim 26; and a pharmaceutical^ acceptable 

carrier. I ' 

59. A pharmaceutical composition comprising a therapeutically effective 

amount of the TSH analog of claim 32; and a pharmaceutically acceptable carrier. 
20 60. A diagnostic composition comprising an amount of the mutant TSH 

heterodimer of claim 13 sufficient to stimulate iodine uptake by thyroid cancer cells; 

and a pharmaceutically acceptable carrier. 

61. A diagnostic composition comprising an amount of the mutant TSH 
heterodimer of claim 26 sirfficient to stimulate iodine uptake by thyroid cancer cells; 

25 and a pharmaceutically acceptabl^carrier. 

62. A diagnostic composition comprising an amount of the TSH analog of 
claim 30 sufficient to stimulate iodine uptake by thyroid cancer cells; and a 
pharmaceutically acceptable carrier. 

63. A kit comprising in one or njbre containers a therapeutically effective 
30 amount of the mutant TSH heterodimer of cl^i (13^26 or the TSH analog of claim 32. 
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64. A kit Comprising in one or more containers a diagnostically effective 
amount of the mutant TSH heterodimer of claim(l})or 26 or the TSH analog of claim 
32. 

65. The nucl 

66. The comi 
heterodimer is purified. 



L of claim 40 or 42 which is isolated, 
ion of clain/57) 58, 60 or 61 in which the mutant TSH 
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